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ABSTRACT: It is an advanced surface modification technology to prepared environmental barrier coating (EBC) by plasma
spraying, which can improve the corrosion resistance of SiC¢/SiC composite materials. However, the corrosion resistance of
Calcium-Magnesiu-Alumino-Silicate (CMAS) for the EBC coating was not well solved at present. Rare earth zirconates are
ideal materials for next generation thermal barrier coatings and environmental barrier coatings because of their low thermal
conductivity, excellent sinterability and phase stability. This work aims to prepare high-performance nanostructured Gd,Zr,0,
feedstocks with nanopowder regranulation technology to meet the needs of the next generation of thermal and environmental
barrier coatings.

The Gd,0; and ZrO, with the average particle size of 50 nm were used to prepare the Gd,Zr,0; feedstocks. In order to
make full use of nano effect, the nanoparticles must be reconstituted to the agglomerates by nanopowder regranulation
technology. Nanopowder regranulation technology includes ball milling, spray drying, sintering and plasma treatment. The
slurries which composed of 298 g Gd,0;, 202 g ZrO,, 1 000 g deionized water and 2.5 g PVA were ball milled for 24 h. The
prepared slurries were spray dried in a YC-018 spraying dryer to obtain the agglomerates and then sintered. The agglomerates
were sintered in the heat treatment furnace at 1 200 ‘C, 1 300 ‘C, 1 400 ‘C, 1 500 ‘C for 2 h, 4 h, and 6 h, respectively. In
order to improve the density and mobility of the feedstocks, the agglomerates were plasma treated by Mecto OMC spraying
system. The plasma flame caused the agglomerates surface to melt rapidly and form droplets, which are then rinsed into
deionized water to cool quickly and form spherical solid particles. Plasma treatment slurries were dried in a 120 “C dryer and
screened through a 150-mesh sieve to obtain Gd,Zr,0 feedstocks. The microstructure, morphology, and chemical composition
of the feedstocks were observed by a Quanta 200FEG scanning electron microscope (SEM) equipped with energy dispersive
spectroscopy (EDS). The phases of the feedstocks were identified by X-ray diffraction analysis (XRD) with Cu Ka radiation.

The results show that the nanostructure Gd,Zr,0; feedstocks can be prepared by nanopowder regranulation technology. The
feedstocks have the dense structure and good sphericity. The particle size of feedstocks is 10~50 pum. In the process of
nanopowder regranulation technology, the grain size increases with the increase of sintering temperature. The optimal sintering
parameters for Gd,Zr,0; feedstocks are sintered at 1 300 “C for 2 hours. Compared with the other sintering parameters, the
content of Gd,Zr,0; after sintering at 1 300 ‘C for 2 hours is highest and the grain size is smallest. Plasma treatment can
improve the flowability of feedstocks effectively. After plasma treatment, the apparent density is 2.09 g/cm’, the tap density is
3.26 g/cms, and the flowability is 22.3 s/(50 g). The hausner ratio is 1.19 which indicated the feedstocks is in a free flow state.
The Gd,Zr,0, feedstocks show good flowability.

Nanostructured Gd,Zr,O, powder feedstocks are successfully prepared by the nanopowder regranulation technology. The
feedstocks have dense internal structure, smooth external surface and good spherical shape. It is suitable for plasma spraying and
expected to become the next generation of TBC and EBC.
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Fig.1 Sintering curve of nanostructured
Gd,0;+2Zr0, (0.5wt.%PVA)
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Tab.1 Parameters of plasma treatment

Parameters Values
Voltage/V 55
Current/A 550
Flow of Ar/ SCFH 65
Feed rate/(g-min™") 100
Spraying rate/(mm-s™") 30
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Fig.2 Surface morphologies of the original powder
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Fig.4 SEM morphologies of nanostructured Gd,05+ZrO, powder after spray drying: a) overall morphology;
b) surface morphology; c) cross-section morphology
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Fig.5 XRD patterns of nanostructured Gd,05+ZrO, powder after heating 2 h at
different temperatures (a) and 1 200 ‘C (b)
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Fig.7 SEM morphologies of nanostructured Gd,03+ZrO, powder after solid-phase sintering:
a) overall morphology; b) surface morphology; c) cross- section morphology
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Fig.9 SEM morphologies of Gd,Zr,0; powder after plasma treatment: a) overall morphology;
b) surface morphology; c) cross- section morphology
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R TR, (2 i THIR S PR A X 2%, 7EmS
TR DTRSCR ARG . SR, XL I 4K A 3R {4
AT B FRRAL A B S, O S 4SBT AR A
A, FE RS, YRS GdyZn,0; #i A

R2 MHERIHIEERE

Tab.2 Physical characterizations of the powders

Powder vy sinteing. treatment
Flowability/(s-50"-g™") 288.5 58.1 22.3
Apparent density/(g-cm ) 0.63 2.04 2.94
Tap density/(g-cm ™) 1.12 2.43 3.26
Hausner ratio 2 1.19 1.10

B s R 22.3 s/(50 g), Hausner bR 1.10, #y K
HA RAFRR s o T sl P ar i ORI 25 H AR 2 3L
R AR, AR TR S TR E R TR A A

PEE.
3 #Hit

1) R FH G KA U s o 1 AR B Ty i) 4 1 i oK &5
) GdyZr,O7 BAAMEEL . GdyZr, O AR MUEHBURE Py 3
aEE, oW AL ORISR DG, BOEEE
I, Rife Sl 10~50 pm, & A28 TW% .,

2) FEIAHBELE IR X Gd,aZr, O -5 A iR R <)
HIRKRN . Gd,05+Zr0, HIERIRLE 1 200 C FHask
KA, JLFRENAS] GdyZr,0,. 1 300 CLLE
Gd,Zr,0, SR AERF] 95% L b (HJEBEE B4 1R 1)
T, GdyZr, O B /2 AR RS B G K e sl
Asf ] X B AR R A GdaZr,0; A K. TE
1300 CEe45 2 h ZH145 GdoZr, O MR e A [ AR 452
&1L,

3) B T ERIL AL BERER SO MGE Gd,aZr,O, Fik
WEERL Y B R BR Y B . SR TR AL )R
GdoZr, 07 B AMLRHK AR 2 h 2.09 glem®, HRELH
R 3.26 glem®, BTN 22.3 s/(50 g).
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